An investigation of a viscous lithographic developer by Gribb, Thomas




An investigation of a viscous lithographic developer
Thomas Gribb
Follow this and additional works at: http://scholarworks.rit.edu/theses
This Thesis is brought to you for free and open access by the Thesis/Dissertation Collections at RIT Scholar Works. It has been accepted for inclusion
in Theses by an authorized administrator of RIT Scholar Works. For more information, please contact ritscholarworks@rit.edu.
Recommended Citation
Gribb, Thomas, "An investigation of a viscous lithographic developer" (1980). Thesis. Rochester Institute of Technology. Accessed
from
AN INVESTIGATION OF A VISCOUS 
LITHOGRAPHIC DEVELOPER 
by 
Thomas W. Gribb 
B.S o Pennsylvania State University 
(1967) 
A thesis submitted in partial fulfillment of the require-
ments for the degree of Master of Science in the School 
of Photographic Arts and Science in the College of Graphic 
Arts and Photography of the Rochester Institute of Tech-
nology. 
April, 1980 
Signature of the Thomas W. Gribb Au tho r .... 0 a a •• a •••••• a • a •••• a 0 • 
Accepted by 
Photographic Science and 
Instrumentation 
Ronald Francis 
~ • • 9 go . 00 . 0 • 0 • ~ ~ 0 • ~ 0 • • G • • • • • • • a a • • • • • 
Coordinator, Graduate Program 
School of Photographic Arts and Sciences 
Rochester Institute of Technology 
Rochester, New York 
CERTIFICATE OF APPROVAL 
MASTER'S THESIS 
The Master's Thesis of Thomas W. Gribb 
has been examined and approved 
by the thesis committee as satisfactory 
for the thesis requirement for the 
Master of Science degree 
Burt H. Carroll 
v v v v • 000 000 • • . 00 • • • • • 0 • 00 . • • • • • • . 00 • • 0 • . 00 
Professor B. Ho Carroll, Thesis Advisor 
Ronald Francis 
• 000 0 • • • 0 0 . 00 • • • u 0 0 • • • • • • • • • . 0 . • • • • • • 0 • • • • 
Name Illegible 
000 • • . 0 . . 0 . 0 • 0 • 0 . 0 . 0 0 • 0 • 0 • • • • • • • • . 00 • • 00 . • 
o 0 • 0 0 • 0 0 0 0 0 ~. ! !/o 1 <J. ~~ ...... 0 0 0 •• 0 • 
~V •• (Date) 




Submitted to the Photographic Science and
Instrumentation Division in partial fulfillment
of the requirements for the Master of Science
degree at the Rochester Institute of Technology
ABSTRACT
The photographic and physical properties of viscous lith
developers have been investigated. Developers thickened
with hydroxyethylcellulose (Hercules Natrasol 250 HR)
afforded the optimum characteristics of ease of mixing and
pseudoplastic behavior.
Photographically, viscous lith developers demonstrate
performance in many ways similar to non-viscous formulas.
Characteristically, the developers show great sensitivity to
changes in pH, and changes in HQ, bromide, and sulfite
concentrations.
However, viscous lith developers are inherently 0.2 log H
lower in photographic activity than comparable non-viscous
developers. Furthermore, viscous developers are character
ized by low contrast in highlight (negative) areas of
halftone reproduction. Large dot area (90%) images show
poor dot quality.
The lower activity is easily compensated for by changes in
time and/or temperature. Also, with adjustments in con
stituent concentrations, the dot quality may be improved.
However, no method was found to regain halftone repro
duction contrast.
Changes in viscosity per se impart no photographic effects.
The photographic dissimilarities between viscous and non-
viscous lith formulas are caused by agitation differences.
This is demonstrated using still development techniques with
non-viscous developer.
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Lith developers, sometimes called "infectious developers"
are used primarily in the graphic arts . These developers,
when used to process so-called lith-type emulsions, produce
ultra high contrast images. The characteristic curves of
such systems generally show very low fog (<0.05 density),
sharp toes, high contrast (gamma > 10), and high D-max
(~4. 0-7.0 density). See Figure 1. These features enable
the user to produce high quality halftone and line images
suitable for photomechanical reproduction via a printing
2
process .
The chemistry of lith developers has been well studied over
the years, starting with the pioneering efforts of
3 4
Frotschner (1937) and Yule (1945) , and continuing up to
the present time. Much of the present day effort is aimed
at achieving the ultimate in dot quality while relieving
the
user from the many inconveniences
of working with classical
lith chemistry.
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Figure 1
Lith H & D Curve
Lith developers are very sensitive to changes in concen
tration of the constituents, changes in pH, and changes in
5
temperature . Since local, i.e., imagewise, changes in
concentrations and pH occur, agitation is very important.
Agitation greatly affects "dot
quality"
and processing
uniformity. Many graphic arts cameramen who process their
films in a tray utilize "still
development"
techniques to
maximize dot quality and fine line reproduction.
If, in fact, still development is a method toward achieving
good quality, then perhaps the use of a viscous lith devel
oper could be a suitable way to implement still development.
The objective of this dissertation is to report the behavior
and the factors affecting performance of a viscous lith
developer. Questions to be answered include:
1. What are the differences, if any, in the photographic
results achievable with viscous vs.
non-viscous lith
developers?
2. What are the effects of
developer consituent
concentrations?
What is the effect of viscosity on the development
kinetics of a state-of-the-art lith developer?
II. BACKGROUND THEORY
A. Lith Developers
Classical lith developers such as those found in
Table I share several common features . All
contain hydroquinone as the sole developing
agent. All contain a source of alkali of suffici
ent concentration to achieve a pH > 9. All provide
a chemical method of achieving and maintaining a
low free sulfite ion concentration (2-5 g/L) .
Having met these three requirements, the "lith
effect", i.e., infectious development may be
produced. This lith effect produces the character
istic high contrast, high density imagery. As
discussed in Mason, infectious development manifests
itself as rapid development of exposed grains in
the immediate vicinity of already developing
grains. It has been postulated that the rapid
development is caused by the localized formation
of hydroquinone oxidation products. These products





HQ 22.5 g 18 g 60 g 30 g 48 g
Sodium Form. Bisulfite 60 g 100 g 165 g
Boric Acid 7.5 g 26 g 9.3 g
Paraformaldehyde 7.5 g 6 g
Potassium Metabisulf ite 2.6 g
Carbowax 1540 0.2 g
Ethylene Glycol 100 mL 80 ml
Triethylene Glycol 80 ^
Potassium Sulfite 34 g
E.D.T.A. 1-2 g
Dimethyl Formamide 10 mL
Water To i L 0.585 L
Sodium Carbonate, Mono. 42 g 139 g 127 g
Sodium Bicarbonate 45 g
Potassium Bromide 1.6 g 2 g 0.15 g 1.5 g 14 g
Sodium Sulfite 30 g 2.5 g
Potassium Carbonate 149 g
4.25 g
P.E.O. 0.5 g
Water To 1 L 0.585 L
?Reprinted from Austin: Chemistry of Lith (Infectious) Development
(see references) .
**Diluted for use 1:3 with water.
developing agents. And their formation, in the
absence of sulfite, is autocatalytic .
1. HQ + Ag X . Semiquinone (SQ) +
Agu
+




3. HQ + Q - 2SQ




5. 2Q + 2HQ * 4SQ





If sulfite is present, it reacts preferentially
with the quinone to form hydroquinone monosulfan-
ate, thereby breaking the autocatalytic chain
reaction, and destroying the "lith effect".
Therefore, free sulfite concentration is extremely
critical. Too little, and the developer oxidizes
beyond use very rapidly. Too much, no lith effect.
State-of-the-art lith developers contain a "sulfite
buffer"
to maintain the critical sulfite level.
Most developers use sodium formaldehyde bisulfite
as the sulfite buffer. SFB, whether added as the
salt or created in-situ, partially (~5%) disassoci
ates, thereby releasing formaldehyde and sulfite.
As the sulfite and/or formaldehyde is consumed,
more SFB disassociates. This introduction of
formaldehyde to lith developers has been a mixed
blessing. It does, in fact, increase aerobic
stability, but owing to the reaction of hydroquinone
with formaldehyde in an alkaline environment,
7
anaerobic stability is limited . Because of this
property, lith developers are packaged as two
parts, one containing the developing agent, the
other the source of alkali.
In addition to the developing agent, sulfite,
formaldehyde, and a source of alkali (buffered),
state-of-the-art lith developers usually contain
the following:
1) Sequestering Agent - Introduced to prevent
the formation of insoluble calcium salts.
The most widely used compounds are nitrogenous
carboxylic acids such as E.D.T.A. Unfortun
ately, these compounds have a deleterious
effect on the stability of all-HQ developers.
The catalytic effect of trace metal ions,
e.g., ferric, on developer aerial oxidation
is a well known phenomenon. E.D.T.A. greatly
enhances this effect. For suggested mechanisms,
Q
the reader is referred to Mason . For all-HQ
developers, Mason suggests the use of ethyl-
enediamanetetracetic acid plus 8-guinolinol .
Also suggested is 1, 3 diamino-2-propanoltetra-
acetic acid (D.P.T.A.). These agents have a
unique feature of minimizing the catalytic
effect of ferric ion on the oxidation of
hydroquinone by complexing the ferric ion and
reducing the concentration of free ion.
2) Boric Acid
- Acts as a decolorizer and is
used to increase the useful life of lith
9
developers containing SFB . Mechanisms have
not been reported.
10
3) Restrainer - Typically sodium or potassium
bromide.
4) Dot Enhancing Addenda - Polyethylene glycols
such as Carbowax 1500, 1540, 4000 . Also
used are block polymers of polyethylene and
polypropylene oxides such as Wyandotte L61,
L44, L62, L6511.
In the photographic industry, the performance of




Practical tests are required because the
"micro"
sensitometric performance often differs from the
"macro". The common continuous tone sensitometric
parameters and their definitions may be found in
the List of Symbols, Abbreviations, and Nomenclature,
Practical evaluations are performed with halftone
images created via exposures through contact
screens. Of primary concern are halftone dot
12
quality and tone reproduction. Mason says "many
factors must be taken into account when assessing
dot quality, and this is still much of an art
rather than a scientific
appraisal."
He goes on
to describe some of the
obvious factors:
11
edge of dot must be sharp
little or no fog between dots
very high density of dot
no
"halo"
around dot, even on reduction
(i.e., dot etching)
Subjective rating schemes are common; one is
described in the Appendix.
Tone reproduction of halftone imagery may be
expressed in terms of contact screen basic density
range (BDR) . BDR is the log exposure range covered
by the 5-95 or 10-90 percent dot areas produced by




The use of viscous processing solutions is not new
to photography. Such chemicals are used commer-
13
cially in systems for aerial photography ,
14 15
diffusion transfer , and computer microfilm
Investigative results with non-lith viscous develop-
ers have been published . For example, it is
known that developer constituent concentrations





results m viscous vs. non-viscous vehicles





Lith developers are unique, and very little has
been published regarding viscous formulas.
Viscous lith developers are not commercially used
21
However, a Fuji patent claims several potential
advantages .
13
1) Single usage chemicals, hence simplified
process control.
2) Consistent results because of consistent
"agitation"
and developer chemical make-up.
3) Greater developer stability.
4) Better dot quality.
5) Reduced ecological impact because of reduced
developer consumption.
6) Ability to use less skilled operators because
of inherent consistencies.
7) Reduced bromide drag.
The mechanics of obtaining and employing thickened












copolymer - methylvinyl ether and maleic
anhydride
Most commonly used are CMC (commercially available
as the Na salt) and HEC. Much is known about
24
their rheology . Both are pseudoplastic
(non-
Newtonian) and thixotropic. HEC is nonionic; CMC
anionic.
15
In viscous processing, care must be taken to
25
control evaporative cooling . The temperature
of
a viscous coating approaches the wet bulb tempera
ture of its environment. The rate of cooling
depends upon the surrounding relative humidity and
air velocity. Hence, environmental moisture may
be used to reduce evaporative cooling by minimizing





Sensitometric exposures were produced on a Kodak DF
sensitometer. The DF model sensitometers have been
designed and built within the Photographic Technology
Division of Kodak Park, and are not commercially avail
able. The sensitometers are carefully calibrated and
maintained to exact radiometric control. Exposure is
provided by a tungsten halogen light source approximately
3 metres from the exposure plane. Attenuation is
achieved via inconel filters and an electronic exposure
time shutter mechanism. Step tablet design (see
Figure 2) allows for simultaneous continuous tone and
halftone exposures. Vacuum hold-down of the film
sample on the DF assures adequate contact for halftone
exposures from the contact screen (Kodak gray contact
screen (negative) , 133 lines-per-inch, elliptical dot) .
































































0.05 log H increments. For these experiments, exposure
time was held constant at 10 seconds. The film employed
throughout was Kodalith ortho film, type 3, 2556. Two
different emulsions were used during the course of the
study, e.g., 2556-416 and 2556-789. The DF setup for
each was as follows:
2556-416 2556-789
10 Sec. 10 Sec.
1.5 Inconel 1.8 Inconel
DF exposures and subsequent processing was performed
with film samples having dimensions of 14 cm X 36 cm.
After processing, the film samples were cut to 35 mm X
36 cm to permit automatic transport through the densi
tometer.
Densitometry
Densitometry and parameter computation was provided by
a Kodak 7 3D densitometer. As with the DF sensitometer ,
the 73D is a non-commercial Kodak design. The film
samples are automatically
transported beneath a reading
head and each step density is read. The
optics are
19
designed to satisfy the ANSI standard for diffuse
transmission density (visual filter) . The density
data are transmitted to separate card punching and
curve plotting units. Continuous tone plotting and
card punching are straightforward and require no further
operator input.
The data cards may be subsequently fed into a computer
for parameter computation. Effective contrast*,
CR*
at
various density points, D-min, and practical D-max
values are computed. Halftone data are treated separately.
The operator is first required to judge the tablet step
number producing a just-not-printable dot (JNP). The
JNP dot is generally very small (<3% dot area) , frag
mented, and low in density. It will not reproduce in
subsequent printing plate exposures. JNP judgements
are made at 20X magnification with dark field illumination.
The JNP step integrated dot density is used by the DF
computer algorithm to
"zero-out"
the dot fringe normally
associated with first generation halftones. [The
background and theory of halftone dot area measurements
are beyond the scope of this paper. For further
discussion, the reader is directed to references 26-29.]
*See List of Symbols,
Abbreviations and Nomenclature
20
The integrated dot density of each step is converted to
percent dot area. The dot area values may be read out
via a teletype, or transmitted to a plotter for dot
area/log exposure curves.
Developer Preparation
Using nominal amounts of the constituents discussed in










Carbowax 1540 1.5 mL
H?0 to 1 litre







The above formula is presented in the order in which
the constituents were mixed. Each material was allowed
to dissolve completely before further additions were
made. Final pH adjustments were minor, and were made
with 45% KOH or concentrated HC1.
As will be discussed in Chapter IV, several formula
adjustments were required to optimize photographic
performance and to accommodate the thickening agents.




Boric Acid 3. 0 g
Na2S03
3.0 g




HQ 15. 0 g
Carbowax 1540 1.5 mL
KOH, 4 5% 6.0 mL
H20 to 1 litre
pH @ 26.5C 10.15
22
Experimental viscous developers were prepared by adding
the thickening agent (CMC or HEC) as the last step. No
change in pH, owing to the thickener, was observed.
The thickeners were added slowly (over a period of
about one minute) to minimize tendencies to lump. Best
results were obtained when the materials were poured
into the vortex of the stirred solutions. Lith developers
are prone to aerial oxidation during stirring but
stirring must be thorough to insure homogeniety. To
maximize experimental reproducibility, all solutions
were stirred equally for 30 minutes. The solutions
were then poured into brown glass bottles. The bottles
were filled to capacity and hermetically sealed to
minimize oxidation. All processing was then performed
within 48 hours of developer preparation. Experimental
data showed no developer degradation over 48 hours.
Developers prepared for experiments aimed at studying
the effects of constituent concentrations were adjusted
to a constant pH (10.15 26.5C). As expected, most
constituent concentration changes required pH adjustments.
Changes in bromide and Carbowax levels did not affect
pH. Changes in buffer concentrations required the
greatest adjustments.
23
Owing to the SFB disassociation reaction, SFB and
sulfite concentrations were varied simultaneously to
maintain a constant molar ratio.
No studies were made of the concentration effects of
D.P.T.A. or boric acid.
Viscosity measurements were made at 22C with a Brookfield
Viscometer .
Non-Viscous Processing Method
Conventional processing was done with a tray sink-line
setup. Development was carried out in a stainless
steel tray (45 X 37 X 6 cm). Agitation was controlled
by an
Agitex*
automatic tray rocker. The tray rocker
momentarily lifts each tray edge in turn. A complete
cycle (four sides) requires 8 seconds. The tray rests
in running tempered water. Fresh one litre developer
samples were used to process each sensitometric exposure.
The one litre brown bottles containing the developer
*Tobias Associates
24
samples were preconditioned for two hours in a temperature-
controlled bath. The temperature of each developer was
monitored with a calibrated Kodak Process Thermometer,
Type 3 .
As noted in Chapter IV, development was conducted at 2 0
or 22C. Development times are also noted in the data.
Following development, the samples were immersed in
Kodak rapid fix (diluted 1:3 with water) at ambient
temperature for two minutes. The last process step
prior to drying was a running water wash for five
minutes at 30C.
Viscous Processing Apparatus
Film samples were held in place on a "hand-coating
block"
(See Figure 3). The coating block is chrome
plated steel. Vacuum applied to a channel around the
perimeter of the device insures uniform contact of the
film with the flat surface of the block. The block was
partially submerged in temperature-controlled running
water (See Figure 4). A stainless steel doctor blade
riding on rails milled into














uniform coverage of developer. Hooker determined
that a viscous layer thickness of 0.75 mm provides an
adequate supply of developer. For the lith developer
experiments, a layer thickness of 2 mm was used.
As previously stated, care must be taken in viscous
processing to control evaporative cooling effects. The
viscous layer is exposed to the surrounding air; the
temperature of the layer gravitates toward the wet bulb
temperature of its environment. Wet bulb temperature
may be controlled close to the process temperature by
saturating the air above the layer with moisture, i.e.,
100% R.H. A
"hood"
was fabricated from 6 mm Plexiglas
(see Figure 5). The hood allows water circulation but
not air circulation beneath it. The hood remains in
the water bath at all times, and is slid into position
over the coating block during processing (See Figure
The water bath temperature was controlled with a Kodak
thermostatic mixing valve. Five litres per minute of
tempered water circulated through the bath by use of a
Kodak automatic tray siphon. The heavy steel coating
'







block provided an excellent thermal ballast, whereas
the Plexiglas processing hood minimized thermal conductivity
to the surrounding air. Measurements indicated less
than +0.2C development temperature fluctuation over
the three-minute process cycle.
Viscous Processing Method
The previously described apparatus was used for all
viscous developer processing experiments. The coating
block and hood were temperature equilibrated for at
least one hour prior to processing. The developer
samples themselves were also equilibrated in a constant
temperature bath. A sensitometric exposure made on a
film sample the same size as the coating block (14 X 36
cm) was placed onto the coating block and vacuum was
applied. A 250 mL aliquot of developer was quickly
poured onto one end of the film sample, and the doctor
blade was drawn over the sample to evenly apply the
developer layer. The hood was then slid into position
over the coating block. Five seconds before the end of
the alotted development time, the hood was removed. A
rubber squeegee was drawn over the emulsion surface to
31
remove the developer layer. Quickly following this
step, the film surface was doused with 500 mL of room
temperature 8% acetic acid to arrest development. The
film sample was removed from the coating block, and
immersed into a tray of room temperature Kodak rapid
fix (diluted 1:3 with water). Following two minutes of
continuous agitation in the fixer, the film samples
were washed in continuous running 30 C water and line
dried .
Unless otherwise noted in the discussion of the results,
all viscous processing was conducted with a development
temperature of 22C. A development time series of 2
1/2, 3, and 3 1/2 minutes was performed with developer
variations known to affect photographic activity.
Development times are noted in the results. Most
experiments were conducted in blocks of eight. That
is, eight developer formula variations (seven experimental
plus a "control") were tested in each experiment.
Three development times with each developer variation
thereby produced 24 separate processes per experiment.
Process order within each experiment was determined
3 1
from a table of random orderings of numbers.
32
Experiments investigating the effects of the following
viscous developer factors were investigated.
1. Development time
2. Development temperature
3. Photographic effect of thickening agent
4. Viscosity








For the purpose of this study, and for that matter, for
commercial acceptability, a thickening agent should
possess the following properties.
1. Compatibility with the developer solution, e.g.,
increase viscosity without formation of precipitates
or non-homogeniety .
2. Optimum rheology, e.g., good flow characteristics.
3. Photographically inert.
4. Simple mixing procedure; minimum tendency to lump.
5. Economical.
34
Both carboxymethylcellulose (CMC) and hydroxyethlcellulose
(HEC) are purported to possess these properties32.
These materials are water soluble resins derived from
cellulose. Both are said to be non-Newtonian and
pseudoplastic in their rheology. Both are supposed to
be tolerant of salts in the solutions to be thickened.
Initial experiments were conducted with the developer
formula (see page 20) containing 80.0 g/L Na2CO, (soda
ash) . The actual thickeners employed were Hercules,




Further experiments determined that the high carbonate
concentration was the cause of the incompatibility.
The carbonate concentration of the formula was reduced
to 4 0 g/L and the pH adjusted to obtain similar photo
graphic activity. This new formula was found to be
compatible with both the CMC and HEC thickeners.
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Figure 7 shows the developer viscosity as a function of
thickener concentration. Viscosity measurements were
made with a Brookfield viscometer. The photographic
results obtained will be discussed later, but for now
let it be noted that the two thickeners produced similar
photographic results. Also, there is no evidence of
photographic effects caused by the thickeners, per se.
However, the two thickeners were dissimilar in their
rheology and their ease in handling. Following is a
summary of their comparative behavior. Please note
that the comments apply only to the two products tested,
and may not be characteristic of the materials as a
class .
1. The Natrasol 250 HR is much easier to introduce to
a developer solution.
A. HEC has less tendency to form dif f
icult-to-
dissolve clumps in the solution.
B. HEC has slower relative hydration time.
Hence, the HEC may be entirely introduced




2.5 5.0 7.5 10.0 12.5
Thickener Concentration (g/L)
Figure 7
Viscosity vs. Thickener Concentration
15.0
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to thicken almost instantly, thereby reducing
overall agitation of the stirred solution and
compounding the tendency to form clumps.
Hydration time is a function of pH and
temperature, with shorter hydration time at
higher pH and/or temperature.
Although both materials produce pseudoplastic
solutions, the HEC has greater pseudoplastic
rheology. That is, the apparent viscosity of HEC
thickened developers increases greatly with
decreasing shear rate. Pseudoplastic behavior is
a desirable characteristic in hand-coating appli
cations. Under low shear conditions such as
standing on the film surface after spreading, the
developer will not flow or run off. However, flow
from a container (medium shear) is rapid, and the
developer spreads (high shear) uniformly and
quickly. CMC produces less pseudoplastic behavior
and, therefore, at high viscosity (>1000 cps)
resists flow, tends to be rubbery, and will not




were obtained with 7500 cps viscosity HEC thickened
developers and 500 cps viscosity CMC developers.
Viscous Vs. Non-Viscous; Time/Temperature Effects
The following developer formula was used to tray process
Kodalith ortho film, type 3, 2556.
D.P.T.A. 1.0 g








Carbowax 154 0 1 . 5 mL
KOH, 45% 6.0 mL
Water to 1 litre
pH @ 26.5C 10.15
Figure 8 shows the characteristic curves obtained with
a 20C process temperature at 2 1/2', 2 3/4', and
3'
development times. Figure 9 shows a halftone reproduction
curve obtained from the same
experiment. Table II is a
compilation of the data.
39








































































































^A T 1 :
: . . :
' ~
'
















P^T- 1/ L -A 4. i -1 --L n:. - : !.. A : ;-A -.























Lt^i ::aaA-fA - - y LT'TA AAA - c
iii j':-- i "::-; Ai.":: in & :--_
"
Ap
~ A;A c =
o >
A4A -. L- i: nAi . AA
'-rr











































o o o o o o


















139 8.9 1.10 0.45 0.60 4 7 4
See Appendix for explanation of column headings.
Blanks indicate parameter not calculated.
KODALITH Ortho Film, Type 3, 2556-416-1, 20C, Development
Temperature.
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The above developer was then thickened with 15 g/L HEC
and a viscous process experiment was carried out using
the procedures outlined in Chapter III. The following
time/temperature series was conducted.
20C 3 min.
20C 3 1/2 min.
20C 4 min.
22C 2 1/2 min.
22C 3 min.
22C 3 1/2 min.
Table III is a compilation of the continuous tone and
halftone parameters. These data show two marked
differences when compared to the non-viscous process.
1. At equal process time and temperature, the viscous
process is 0.2 log H slower in photographic speed.
2. At equal photographic speed (obtained by raising
temperature 2C or increasing development time by
30 sec), the viscous
process shows lower halftone
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size) dot quality. The halftone contrast diff
erences may be seen in Figure 10 b. Dot quality
differences between viscous and non-viscous
processes are illustrated in Figure 11. In Table
III, the 50-95% BDR of the viscous processed
halftone is indicative of the highlight contrast.
Concentration Effects
The long BDR, low halftone contrast, and poor dot
quality all occur in a region having a relatively high
image-to-non-image ratio. In such areas, the classical
adjacency effects may be presumed to be occurring.
That is, developing agent and sulfite is being consumed,
Localized decreases in pH may be expected. And, the
restraining byproducts of the development reaction,
e.g., are increasing in concentration. The changes
in pH, concentration of developing agent, and sulfite
may possibly be
counteracted. For example, better pH
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DQ = 4 10% Dot DO = 4
DQ = 7 50% Dot DQ = 8
90% Dot DQ = 4 90% Dot DQ = 2
Figure 11
Dot Quality: Viscous and Non-Viscous Lith Developer
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A. Effect of pH Buffer
Carbonate buffers are most commonly used in litho
graphic developers. Of the carbonates, soda ash
is frequently used because of its low cost.
Potassium carbonate is sometimes used in liquid
33
concentrate developers . Moreover, potassium
carbonate is known to produce greater photographic
. . 34
activity at equal molarity.
In the pH range desired, phosphate is suggested as




Viscous lith developers were prepared (15 g/L HEC)
with the following buffer concentrations. All
developers were adjusted to pH 10.15 @ 26.5C-by
addition of KOH or HC1.
1. Na2C03







K2C03 65 0.48 M
5.
Na3P04 10 0.06 M
6.
Na3P04 20 0.12 M
7.
Na3P04 30 0.18 M
8.
Na3P04 40 0.25 M
9. Na3P04 62 0.38 M
10.
Na3P04 78 0.48 M
The data in Table IV support the following obser
vations .
1. Phosphate buffered developers are much lower
in activity and poorer in quality (contrast
and dot quality) than carbonate developers.
This is not unexpected since carbonate is
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2. Potassium carbonate developers are similar in
activity and produce slightly higher contrast
than sodium carbonate formulas.
3. Photographic speed, highlight halftone contrast
(upper scale BDR) and highlight dot quality
is invariant among the carbonate formulas,
regardless of carbonate concentration .
4. Lower Scale BDR produced by potassium carbon
ate developers is slightly shorter than a
comparable (equimolar) soda ash developer.
B. Effect of Hydroquinone Concentration
It is known that lithographic developers are very
sensitive to hydroquinone concentration. Small
changes in concentration affect speed and dot




with the viscous developer.
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Viscous lith developers (12.5 g/L HEC) were
prepared with the following HQ concentrations. PH
was maintained at 10.15 by slight adjustment of
KOH concentration.
1. 11.25 g/L (0.10 M) -25%
2- 15.00 (0.14 M) Normal
3. 18.75 (0.17 M) +25%
4. 22.50 (0.20 M) +50%
Because of the expected affect HQ concentration
would have on photographic speed, a development
time series (2 1/2, 3, 3 1/2 min.) was performed
with each developer. Table V summarizes the data.
1. As expected, HQ concentration greatly affects
speed and dot quality. There appears to be
more
"latitude"
in the direction of lower
concentration. That is, usable photographic
quality is obtainable at lower [HQ] .
54
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2. The data suggest that shorter BDR's are
achievable at high HQ concentrations.
However, as the dot quality data and Figure
12 shows, the apparent shorter BDR occurs at
the expense of usable imagery. And, in fact,
the shorter BDR is really a vagary of half
tone integrated dot area densitometry. The
dots are so heavily veiled that the densi
tometer is misinterpreting the veil as
changes in dot size.
3 . The combination of lower HQ concentration and
extended development time achieves outstanding
dot quality throughout the halftone scale.
Improved highlight dot quality is achievable
without accompanying BDR reduction or increased
halftone highlight contrast.
Effect of Sulfite and SFB Concentration
As discussed in Chapter II, the infectious develop
ment mechanism of lith developers is largely
56
10% Dot DQ = 1
50% Dot DQ = 1
90% Dot DQ = 2
Figure 12
Dot Quality: 25% More HQ
57
dependent upon localized maintenance of a low,
free sulfite concentration in development occurring
regions. The partial disassociation equilibrium
of the [SFB^_isulf ite + formaldehyde] reaction
controls the free sulfite concentration.
To study the effect of the viscous lith developer
SFB concentration on the photographic results,
developers (12.5 g/L HEC) were prepared with
varying amounts of SFB. The molar ratio
of
Na?SO,/SFB was maintained. All developers were
adjusted to the 10.15 pH.
1. 33.50 g/L SFB, 1.50 g/L Na2S03
-50%
2. 50.25 g/L SFB, 2.25 g/L Na2S03
-25%
3. 67.00 g/L SFB, 3.00 g/L Na2S03
4. 83.75 g/L SFB, 3.75 g/L Na2S03
+25%
5. 100.5 g/L SFB, 4.50 g/L Na2S03
+50%
Normal
As m the HQ concentration experiment, a develop
ment time series was performed with each formula.
The following observations are based upon the data
in Table VI.
1. Lower- than-normal sulfite and SFB levels
shorten upper scale BDR at the expense of
dot quality. As with the HQ experiment,
unusable imagery is the net result.
2. Increased sulfite and SFB lengthens BDR,
slightly improves highlight dot quality,
and degrades shadow dot quality.
D. Effect of Bromide Concentration
Lith developers, in general, are very sensitive to
bromide concentration . Localized build-up of
bromide in development areas, may, in fact, be
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Viscous lith developers (12.5 g/L HEC) were
prepared with various potassium bromide concen
trations .
1. 1.25 g/L KBr (0.01 M) -50%
2. 2.50 g/L KBr (0.02 M) Normal
3. 3.75 g/L KBr (0.03 M) +50%
The data in Table VII demonstrate the drastic
effect bromide concentration has on developer
activity .
1. BDR's appear to be longer at lower-than-
normal bromide concentration. However, the
actual computation of BDR is confounded by
the very poor halftone quality.
2 . Higher-than-normal bromide concentration
reduces developer activity by nearly a full
stop with little net
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quality and/or tone reproduction. Over
development may be used to regain photo
graphic speed without loss in quality.
Effect of Carbowax Concentration
Polyethylene glycol and similar materials, as
discussed in Chapter II, are used in lith devel
opers and emulsions as restrainers and contrast/
dot quality enhancers. Photographic sensitivity
to concentration varies widely among the compounds
37
used . Based upon preliminary experiments
con-
3 8
ducted with non-viscous developers , concentra
tion sensitivity with Carbowax 1540 was expected
to be minimal. The following viscous developers
(12.5 g/L HEC) were prepared.
1. 0.50 g/L Carbowax 1540 -50%
2. 1.00 g/L Carbowax 154 0 Normal
3. 1.50 g/L Carbowax 1540 +50%
63
4. 1.75 g/L Carbowax 1540 +75%
5. 2.00 g/L Carbowax 1540 +100%
The data in Table VIII demonstrate the photo
graphic insensitivity to Carbowax concentration.
Some improvement in dot quality was noted at the
2X level.
Viscosity/Thickener Effects
As discussed earlier, the ideal viscous developer
for hand processing will flow readily from a
container, spread evenly and quickly via a doctor
blade, and then
"sit"
without movement or flow
during the development cycle 0 Pseudoplastic
solutions offer the optimum characteristics for
this application. How critical is viscosity, i.e.,
thickener concentration, from a photographic
standpoint? What, if any, photographic effects




















































































































































































































Developers were prepared with varying amounts of
carboxymethylcellulose (Hercules CMC 7H3SF) and
hydroxyethylcellulose (Hercules Natrasol 250 HR) .
1. 7.5 g/L HEC
2. 10.0 g/L HEC
3. 12.5 g/L HEC
4. 15.0 g/L HEC
5. 7.5 g/L CMC
6. 10.0 g/L CMC
7. 12.5 g/L CMC
8. 15.0 g/L CMC
Table IX summarizes the viscosity measurements
made with a Brookfield viscometer. The Brookfield
instrument is representative of
"high"
shear rate.
Because of the pseudoplastic behavior of the
solutions, other measurements, such as those
obtained with a Hoake Precision Falling-Ball
Viscometer would produce dissimilar results.
Replicate film strips (randomized process order)










7.5 g/L Natrasol 250 HR
10.0 q/L Natrasol 250 HR
12.5 g/L Natrasol 250 HR











7.5 g/L Hercules 7H3Sf
10.0 g/L Hercules 7H3SF
12.5 g/L Hercules 7H3SF





?Average of three readings @ 20C
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the results. Viscosity appears to have no
significant photographic effect. Furthermore,
differences between CMC and HEC thickened devel
opers are slight. Since the thickening agent
imparts little or no effect, and since viscosity
appears to play no role, then what is unique about
the viscous lith developer to explain the low
highlight halftone contrast? No doubt, the lack
of agitation inherent with viscous development
plays a key role.
Agitation Effects
Lithographic developers are agitation sensitive.
The agitation sensitivity arises from their
sensitivity to changes in constituent concen
trations and pH. Locally, at an image site,
developing species (hydroquinone/semiquinone/
quinone) are depleted, hydrogen ions are released,
and bromide ion concentration increases. These
adjacency effects may be easily seen on lith films




appear behind images in the dir
ection of travel through the processing machine.
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In a viscous developer, agitation is obviously
minimal. The image-wise changes in developer
activity are not
"disturbed"
by the flow or intro
duction of fresh developer. These effects would
become more pronounced as the relative area of
image (dot size) increases. Lack of agitation
may, therefore, be the key element in the low
halftone highlight contrast.
To test this premise, film samples were processed
using viscous and non-viscous methods.
1. Non-viscous, tray process with normal agita
tion (as defined on page 23).
2. Non-viscous, tray process with
"still"
development.




process differed from the
normal tray process in the following manner. The




emulsion-side down, and then "flipped
over"
and
pushed to the bottom of the tray. This procedure
occupied the first 10 seconds of the allotted
development time. No further agitation was used
during development.
All developers, both viscous and non-viscous, were
held to 22C. Three development times were used
with each process condition viz. 2 1/2, 3, 3 1/2
min .
Table XI is a compilation of the data from these
processes .
1. Agitation controls BDR and halftone repro
duction. Note the lengthened BDR with the
still development vs. agitated development
using non-viscous developers.
2. Still development with non-viscous lith
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comparable to a viscous lith development
process. Speed, contrast, dot quality, and
basic density ranges are all similar.
3. The poor dot quality obtained with the
continuously agitated non-viscous process is
the result of over-development. As discussed
earlier in Chapter IV, viscous and
non-
viscous developers have inherent differences
in activity that may be reduced through




Pseudoplastic solutions are best suited for viscous
hand processing methods. Natrasol 250 HR
(hydroxy-
ethylcellulose) thickened developers afford optimum
behavior at viscosities ranging from 1000 to 10,000
cps. Viscosity within this range has no photographic
effect. In fact, viscosity, per se , does not alter the
photographic attributes of a lith developer. Apparent
differences noted between viscous and non-viscous lith
developers are caused by agitation (or lack thereof) .
Viscous lith developers show the same sensitivities as
non-viscous lith developers. pH is critical. It must
be well buffered to maintain speed and dot quality.
Hydroquinone and bromide concentrations are critical.
Small increases in [HQ] , i.e., <25%, greatly increases
speed and decreases dot quality. Lower-than-normal
bromide concentration offers similar results. The lith
formulas are more forgiving to lower-than-normal [HQ]
and higher-than-normal [Br] . Both result in speed
74
losses that may be regained through extended development
with no loss of quality. Sulfite and sulfite buffer
levels affect dot quality. Low levels reduce middletone
and highlight dot quality; high levels reduce shadow
dot quality. Although PEO's are effective dot quality
enhancers, the material tested in this study did not
demonstrate concentration sensitivity.
To obtain matched sensitometric results to non-viscous
processing, the viscous developer or development
conditions must be altered to compensate for inherent
lower activity. Increases in development time and/ or
temperature effectively compensates for this difference.
After such adjustment, viscous lith developers produce
continuous tone photographic results similar to comparable
non-viscous formulas. However, halftone tone repro
duction is greatly altered. Upper scale (50-95% dot
size) basic density range (gray negative contact screen)
is extended by 0 . 3 log H. In graphic arts language,
highlight contrast is significantly reduced. The
extended BDR also occurs with non-viscous lith develop
ment when still development techniques are used.
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VI. DISCUSSION AND RECOMMENDATIONS
Viscous lith developers do offer inherent advantages
over comparable non-viscous methods. Several of these
advantages are presumed but, as yet, unproven.
1. Viscous processing lends itself to single usage
chemicals, hence process control is greatly
simplified. Fresh-to-seasoned process changes do
not occur. Intermixing of different films with
different halide ratios or silver coverages would
have no effect. These features would be a signifi
cant improvement when compared to state-of-the-art
commercial systems.
2. Viscous developers may offer lower chemical costs
and/or less ecological impact. The validity of
this premise must be tested by investigating the
minimum developer coverage required. If the
minimum coverage is less than the required replenish
ment rates for non-viscous processes, then such
economies may be possible.
76
3. "Drag lines", another difficulty with today's
commercial methods, cannot occur with viscous
coating techniques.
4. In addition to the above features, greater developer
stability has been claimed . The extent of this
benefit is unknown. Investigations in this area
are recommended.
Of course, viscous processing techniques are not a
panacea. Mechanization of processing is a potential
problem area. Evaporation cooling effects must be
addressed in equipment design. Also, the mechanics of
uniformly coating large sheets, such as those used in
the graphic arts (76 X 100 cm or larger), may preclude
an economic design.
Owing to the chemical instability inherent with contem
porary lith developers, a further complication arises.









And finally, as discussed in this study, the halftone
tone reproduction achieved with viscous lith developers
is not compatible with
"typical"
contact screens.
Unless a chemical answer were forthcoming, graphic arts
suppliers and users would have to address the modified
tone reproduction.
APPENDIX
Despite the development of sophisticated techniques for
density measurement and parameter calculation, the sub
jective evaluation of halftone dots remains the ultimate
quality criteria for lith film/developer systems. It is,
after all, the technique used by the graphic artist in his
or her judgment of quality within the printing plant or
trade shop. A study of dot quality measuring techniques
is beyond the scope of this paper.
However, a description of the technique used herein is in
order o Basically, dots were evaluated using optical
comparison techniques. The subject dots were compared to
a set of
"standard"
dots using a comparison microscope (at
100X magnification) . These standard dots covered the range
described in the List of Symbols, Abbreviations and
Nomenclature. Having obtained a quality
"match"
between
the subject dot and a standard dot, the value of the
standard dot was assigned to the test strip. To calibrate
your mind's eye, I refer you to Figures 11 and 12. The
photomicrographs and their respective dot quality values are
an indication of the ratings. Unfortunately,
the repro
duction process causes some loss of fidelity.
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